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FOREWORD 

The Law Enforcement Standards Laboratory (LESL) of the National Bureau of 
Standards (NBS) furnishes technical support to the National Institute of Law 
Enforcement and Criminal Justice (NILECJ) program to strengthen law enforcement and 
criminal justice in the United States. LESL's function is to conduct research that will 
assist law enforcement and criminal justice agencies in the selection and procurement of 
quality equipment. 

LESL is: (1) Subjecting existing equipment to laboratory testing and evaluation 
and (2) conducting research leading to the development of several series of documents, 
including national voluntary equipment standards, user guidelines, state-of-the-art 
surveys, and other reports. 

This document is a law enforcement equipment report developed by LESL under 
the sponsorship of NILECJ. Additional reports as well as other documents are being 
issued under the LESL program in the areas of protective equipment, communications 
equipment, security systems, weapons, emergency equipment, investigative aids, 
vehicles, and clothing. 

Technical comments and suggestions concerning the subject matter of this report 
are invited from all interested parties. Comments should be addressed to the Law 
Enforcement Standards Laboratory, National Bm'eau of Standards, Washington, D.C. 
20234. 

Jacob J. Diamond, Chief 
Law Enforcement Standards 

Laboratory 
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DIGITAL DATA TRANSMISSION TESTS 
ON VOICE CHANNELS 

To study the transmission and reception of digital data over typical voice channels, a series of 
tests was performed in Allegheny County, Pennsylvania, using existing local government 
tranamitting sites and a specially equipped mobile unit. Carrier frequency, digital data 
transmission rate, modulation technique, range of transmission, speed of the mobile unit, and 
time of day were varied. The tests were conducted in both urban and suburban environments. 

Key words: Data transmission tests; digital data transmission; mobile digital transmission 
equipment; voice charme)s for digital transmission. 

1. INTRODUCTION 

This report presents the details of tests of digital data transmission over typical 
voice grade FM mobile radio channels. The main objective of the tests was a 
determination of certain aspects of digital data propagation in the FM mobile radio 
environment. These tests were conducted in Allegheny County, Pennsylvania, during 
the period November 1973-January 1974. 

Of significant importance to the operation ~f law enforcement digital 
communication equipment is the requirement that it interface with existing police radio 
networks. These networks provide the existing voice communications for police 
operations and will also provide the media for almost all future communications. The 
frequencies which compose these networks !l.re selected from both the VHF and UHF 
bands allocated for law enforcement land-mobile usage. Each of these frequency bands 

,have different propagation characteristics which affect digital data transmission in 
different ways. As a result of a prior study [8]: it was found that the data rates which 
are used to transmit information digitally vary from about 300 to 3000 bits/second 
depending on the type of chan~el involved and the capability of the equipment being 
offered. 

It was mainly because of these two variables that tests were undertaken to 
measure the message errol' rate at these two frequency bands and at various data rates. 
Other parameters which were varied during the tests were modulation technique, speed 
of vehicle, distance of vehicle from base station, and time of day. The amplitude and 
envelope delay vs. audio frequency responses of the two radio systems used in the tests 
were also measured. Test results are included in this report as appendices. 

In addition, a general description of the tests is included along with a discussion of 
the location of the transmitting sites and the routes used during the tests. 
Char&cteristics of the FM radio equipment are also discussed along with the data 
modems and the data generating terminal equipment. 

The section on test procedures includes those used in the alignment and 
adjustment of operating levels of the radio equipment. The detailed interface parameters 
between the modems and the radios are also descrihed. Test methods for the frequency 
response and the digital data tests may also be found in this section. 

The section on test results includes a comparison of the various data and a 
discussion of the effects of impulse noise, fading, and the speed of the test vehicle and 
carrier frequencies with respect to errors in the data. A comparison between the 
theoretical calculations and the empirical data with respect to probability of bit error is 
also provided. 

lFtaurel In bracket. indicate the literature reference. at the end of thi. paper. 
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2. GENERAL DISCUSSION OF THE TESTS 

2.1. General 

The testing consisted primarily of transmitting a known digital data message of 
fixed block length from a base site to a test vehicle. The test vehicle received and 
decoded the data and compared the received data with a replica of the transmitted data, 
thereby determining the error rate. The test vehicle was driven 'on predetermined routes 
and a test pattern transmission was initiated from the base location when the vehicle 
was at the selected test points. 

Co·located VHF and UHF transmitters were used for the tests. The VHF 
transmitting frequency was 39.02 MHz, and is presently operational as the dispatching 
channel for the County of Allegheny Police. The UHF frequency used was licensed to 
the County Health Department at 453.8 MHz. Both transmitting sites were located on 
top of a knoll overlooking the city of Pittsburgh. 

A number of parameters were varied during the tests in addition to the carrier 
frequency of operation (i.e., 39 vs. 454 MHz), The tests were performed with two 
modulation techniques, noncoherent frequency shift keying (FSK) and noncoherent 
phase shift keying (PSK), i.e., DPSK. Three data rates were investigated with FSK and 
two with DPSK, with one common data rate. The reasons for the selection of the data 
rates are discussed in paragraph 3.5. Vehicle speed was varied from 0·45 miles per hour 
at distances up to 10 miles. 

2.2. Description of Base Site and Test Routes 

The base transmitting site was located at the La Grande Apartments at Grandview 
Avenue and Sweetbriar Street in the Duquesne Heights area of Pittsburgh, 
Pennsylvania. This site is southwest of the downtown Pittshurgh area, and the 
apartment building consists of eight floors and is at a natural elevation of 1180 feet, 
giving an antenna height of approximately 1250 feet. The terrain of the greater 
Pittsburgh area becomes evident when it is observed that there is more than a 400·foot 
drop from the antenna site to the Ohio River in approximately two·tenths of a mile. 

Three routes were selected for the mobile data tests; a downtown route, a north 
suburban route, and a south suburban route. The locations of the base transmitting site 
and the downtown route are shown in figure 1. There are 10 test points in the downtown 
route, as designated on the map. These test points are also listed in table 1. The north 
suburban and south suburban routes are shown in figure 2. Both routes consist of over 
20 test points, as indicated on the map and in the lists of locations in tables 2 and 3. 

TABLE 1. Downtown route locations 

Location 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

Description 

Strawberry Way & Grant 
Grant & Oliver 
Grant & 4th 
Blvd. of Allies & Smith Field 
Blvd. of Allies & Market St. 
Stanwix & 3rd 
Stanwix & Market St. 
Liberty & Market St. 
7th & Garrison 
7th & William Penn 

2 

FIGURE 1. Downtown route. 

In addition to the maps of the test areas, photographs of the area surrounding the 
test site were taken and are included to show the terrain; all were taken from the roof of 
the apartment building. The first photograph, figure 3, was taken looking east toward 
the dc,wntown Pittsburgh area. Figures 4 and 5 are both of the north suburban route. 
The former is a photograph of the first leg of the .route traveling northwest along the 
Ohio River, while the latter is of the return leg down the Allegheny River. Figure 6 was 
taken looking due south, the cross-country leg of the south suburban route being behind 
the first group of hills. 
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TABLE 2. North suburban route locations 

Location 

2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Description 

Saw Mill Run & Rte 60 
Ohio River Blvd. & Marshall Ave. 
Ohio River Blvd. & McKees Rocks Brdg. 
Ohio River·Blvd. & Bellevue 
Ohio River Blvd. & Fisk 
Ohio River Blvd. & Greenbelt 
Greenbelt & Crawford 
Greenbelt & Lawries Run 
Greenbelt & Heis Run 
Greenbelt & Rte 19 
Greenbelt & McKnight 
Greenbelt & Duncan 
Greenbelt & Hubb~rd 
Greenbelt & Rte 8 
Rte 8 & Elfin Wild 
Rte 8 & Spencer 
Rte 8 & Saxonburg 
Rte 8 & Etna 
Rte 8 & Parker 
Rte 8 & Hoffman 
Rtc 8 & Herrs Island 
Rte 8 & Heinz 
9th St. & Railroad Brag. 

TABLE 3. South suburban route locations 

Location 

2 
3 
4 
t' 

" 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

.-

Description 

Merimao St. 
South 51 & Liberty Tubes 
Rte 51 & Edgebrook 
Rte 51 & Rte 88 
Rte 51 & Brownsville Rd. 
Rte 51 & Whitehall Boro Bldg. 
Rte 51 & Curry Hollow Rd. 
Curry Hollow & Brownsville 
Broughton & E. Park 
Broughton & Library 
Connor & Oregon Trail 
Washington & Mt. Lebanon Blvd. 
Rte 19 & Washington 
h1e 19 & Beverly 
Rte 121 & Greentree 
Main St., Carnegie 
Entrance to Rte 79 
Rte 279 & Charticrs 
Rte 279 & Carnegie Exit 
Rte 279 prior to Greentree 
Rte 279 after Greentrec 
Rtc 279 & Rtc 51 

4 

, 

FIGURE 2. Suburban routes. 
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FIGURE 3. View looking east from transmitter site. 

FIGURE 4. View looking northwest from transmitter site. 

FIGURE 5. View looking northeast from transmitter site. 

6 

FIGURE 6. View looking south from transmitter site. 

2.3. Description of Radio Equipment 

Both the county police VHF system and the county health UHF system base 
station and mobile transceivers were of the same manufacture. They were hybrid 
equipment, primarily solid-state with a tube-type power amplifier. 

The VHF base transmitter was floor mounted and rated at 330 watts of rf output 
power. It was connected to the rooftop antenna by 100 feet of 50 ohm aluminum­
sheathed foam-filled cable. The antenna was a monopole antenna with gain equal to a 
half-wave dipole. The mobile transceiver used was rated at 100 watts of output power 
with a 12 dB SINAD sensitivity level of 0.25 p-V. The 0 dB omnidirectional gain mobile 
antenna was mounted on the trunk. 

The UHF base transmitter was also a floor mount installation located in the same 
room as the VHF base station. It was rated at 250 watts of output power. The antenna 
system consisted of a colin ear array with 10 dB omnidirectional gain and was coupled to 
the base transceiver with 100 feet of 50 ohm corrugated copper foam-filled cable. The 
output power of the mobile transceiver was 75 watts and it had a 12 dB SINAD 
sensitivity level of 0.35 p-V. The mobile trunk mount antenna had an omnidirectional 
gain of 5 dB. The base antennas are shown in figure 7 (camera looking northeast), while 
the mobile antennas are pictured in figure 8. 

2.4. Description of Data Equipment 

The base station data generating equipment was required to form a known bit 
pattern at baseband, convert the bit pattern into an analog signal by either of the two 
desired modulation techniques, transmit the data at each required transmission rate, 
and provide an analog signal compatible in level and frequency content with the radio 
equipment. The mobile data receiving equipment was required to decode the data at all 
transmission rates and accept the analog signal for decoding from a suitable output at 
the radio receiver, convert the analog signal into baseband data at each modulation 
technique, and determine the bit error rate. 

The terminal equipment and modems, which were leased, consisted of two TLA-
3000 Telephone Line Analyzers, two 1800B Data Modems and two 2400B-l Data 

Modems. 
One TLA·3000 served as the source of the baseband data, a 511-bit pseudo.random 

pattern normally used for checking error rates on telephone lines. The second telephone 
line analyzer served as a receiver of the baseband data in the test vehicle. The mobile 
telephone line analyzer also made a comparison between the received data and the 
known transmitted pattern (stored in memory) in order to determine the bit error ratl' 

7 

, 



---- -----

_UHf 

FIGlJRE 7. Base station antenna site. 

FIGURE 8. Tes/ vehicle with anlennas. 
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Both of the TLA-3000 terminal units were interfaced with the modems by means of 
standard connectors [2]. 

The 1800B data modem was an asynchronous FSK modem with an externally 
clocked variable data rate from 300 to 1800 bits per second. The analog transmit output 
provided the FSK information at 0 dBm at 600 n. The receiver of the modem was 
capable of decoding any compatible FSK signal within a dynamic range of 0 to -50 
dBm. 

The 2400B-l modem employed a synchronous (inter~ally clocked) DPSK 
modulation scheme. It operated at two data rates, 1200 and 2400 bits per second. Since 
it was a four-phase modem, this signaling rate was equivalent to 600 and 1200 baud. The 
analog transmit output and the received dynamic range were similar to the 1800B. 

Both the TLA-3000's provided the necessary functions to determine the amplitude 
and envelope delay vs. audio frequency response of the FM radio system. The details of 
these tests are given in paragraph 3.4. Because of equipment voltage requirements, a 
dc-to-ac converter (inverter) was used to provide the 120 Vac, 60 Hz power in the test 
vehicle. 

The receive analyzer and modem imd the transmit analyzer and modem are shown 
in their test positions in figures 9 and 10. Basic block diagrams of the transmit and 
receive configurations are shown in figures 11 and 12. 

FIGURE 9. Receive analyzer and modem in vehicle. 
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FIGURE 10. Transmit analyzer and DPSK modem at base station. 
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FIGURE 11. Data transmit configuration. 
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FIGURE 12. Data receive configuration. 

3. TEST PROCEDURE 

3.1. General 

The initial tests were performed on the mobile transceivers that were used to 
receive the data in the test vehicle. The radio manufacturer's adjustment and alignment 
procedure for the mobile receiver was followed. Both base transmitters had had 
preventive maintenance servicing within 3 months of the tests so they were not adjusted 
or aligned solely for the data tests. Tests were performed to determine the modulation 
index and signal levels needed to provide good data transmission quality. The effective 
radiated power of both transmitters was obtained (see par. 3.2). 

In order to provide the proper interface between the modem and the transmitter 
and receiver, pads and transformers were selected so that the proper input/output levels 
would be achieved. The signal generator/power meter mode of the telephone line 
analyzer was very helpful in determining these values. 

Test procedures were developed for the measurement of the amplitude and 
envelope delay response of each of the radio systems. The information recorded from 
these two tests was used for characterizing the channel with respect to bandwidth 
limitations. The frequency response information was also used to determine the 
equalizer settings on the modems. 

3.2. Preliminary Tests 

Initial tests were performed on both the VHF and UHF mobile receivers using 
procedures recommended by the manufacturer. The receiver alignment included 
discriminator and oscillator checks, rf amplifier and selectivity adjustments, and a rf 
frequency adjustment. The audio power output and distortion, usable sensitivity, and 
the modulation acceptance bandwidth were also measured and were found to be within 
acceptable limits. 

II 
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The base station transmitters had received a service check 3 months prior to their 
use in the data tests so the transmitter alignment procedures were not instituted. The 
service check had indicated that both transmitters were within manufacturer's 
specifications. As the power output of the final power amplifier is a frequently adjusted 
variable, measurements of the incident and reflected power of both systems were made. 
The results of the measurements indicated that the effective power reaching the antenna 
terminals, accounting for all mismatches and line losses, was 100 watts in the VHF 
mode and 150 watts in UHF. The gain of the VHF monopole was approximately 2 dB, 
while the gain of the UHF colinear array was approximately 10 dB, above an isotropic 
radiator. Taking the antenna gains into account, the effective radiated power of each 
system, referenced to l an', isotropic radiator, becomes '.160 watts for VHF and 1500 watts 
for UHF. 

3.3. Modem-Radio Interface 

The transmit and receive modem-FM radio interface required the use of 
impedance matching transformers and resistive attenuators in order to provide the 
proper signal levels for data transmission. However, the first step in the interface 
problem was the determination of the proper signal level at the transmit microphone 
input in order to produce a reasonable modulation index. 

The 2400B·l DPSK modem uses a carrier frequency of 1800 Hz while the mean of 
the two frequencies used in the 1800B FSK modem is 1700 Hz. The audio power output 
of both modems is 0 dBm. A variable level test tone at 1750 Hz was chosen because it 
was a tone central to the power spectra of all the data of both modems., A 
communications monitor was used to receive and display the test tone on a calibrated 
scale. With the deviation displayed, the signal level at the microphone input of the 
transmitter was increased until distortion of the received test tone was observed on the 
display. The distortion occurred at a deviation of ±2.8 kHz for both the VHF and UHF 
radio systems. The input signal level required to produce the highest distortionless 
deviation was read from the telephone line analyzer and recorded. Knowing this 
required input level and the standard output of the modems (0 dBm), an impedance. 
matching transformer and resistive attenuator were chosen. 

The transmit connection to the modems (600 n balanced, 0 dBm) fed a 600 n 
balanced "H" attenuator which provided 40 dB of loss. A 500 n to 50 Kn audio 
transformer provided the impedance match to the microphone input. The microphone 
input was bridged by the data transmit line in order to retain the capability to provide 
voice communication to the mobile and manual transmitter keying for data transmission. 

The receiver interface was made to the high side of the audio volume control of 
the mobile radios. This point was chosen for two reasons: first, ease of accessibility 
(located in the front of the vehicle while the discriminator output was located in the 
trunk) and second, this point was prior to de·emphasis of the recovered audio. The level 
requirements for this, the data receive point, were not severe since the receive modem 
has a wide dynamic range. The receive data requirement was reduced to the problem of 
stripping the recovered audio data from the volume control without appreciably 
degrading voice coverage and yet coupling at least -45 dBm of signal into the receive 
modem. This was achieved by bridging the volume control with a 10 Kn to 500 n audio 
transformer. Again the transmit telephone line analyzer was used as a test tone source 
at 1750 Hz in order to deviate the transmitters. However, since the input attenuator and 
matching transformer were connected to the ~icrophone input, the output level was set 
at 0 d,Bm to simulate the audio level of the transmit modem. The second telephone line 
analyzer was used at the receiver as a power meter in order to determine whether or not 
the received audio power was within acceptable limits. With. the previously mentioned 
audio transformer in place, the receive level at 1750 Hz was -19 dBm, well within the 
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range of the modem. These interface considerations pertained to both the VHF and 
UHF base transmitters and receivers so the same interface circuitry was used for both 
pieces of equipment. 

3.4. Frequency Response Tests 

Two independent tests of the frequency response of the VHF and the UHF radio 
systems were made. In one of the tests the variation in the received audio amplitude 
with frequency was recorded while an audio signal of constant power but variable 
frequency was used to modulate the transmitter. In a second test, the relative envelope 
delay vs. frequency was measured. As in the amplitude response test, an audio signal of 
constant power and variable frequency was used to modulate the transmitter. However, 
in the case of the envelope delay test, the audio test frequency was modulated to 
produce known sidebands, which when received, facilitated the actual measurement of 
the envelope delay. 

The amplitude response and the envelope delay response were measured using the 
two telephone line analyzers. In the case of the amplitude response measurement, the 
transmit analyzer was set to a mode in which it served as a variable frequency signal 
generator. The audio output of the transmit analyzer was a constant 0 dBm and the 
frequency was swept manually from 300 to 3000 Hz. The receive analyzer was used as a 
frequency selective power meter when the amplitude response mode was selected. It 
provided a digital readout of the frequency and the absolute power level of the received 
audio test tone within a short settling time. In performing the actual tests, the 
transmitter was keyed and then the test tone was applied, resulting in the n;ceived tone 
level being displayed in the mobile unit. These tests were performed at several discrete 
frequencies throughout the 300 to 3000 Hz range. The relative received levels 
(referenced to the received level at 1750 Hz; -19 dBm) are plotted vs. frequency for 
both the VHF and the UHF systems in appendix B. 

The envelope delay measurements were made in a similar manner except for the 
fact that the test tone was modulated to create sidebands. This modulated audio carrier 
was detected at the receive analyzer and the phase distortion introduced into the 
sidebands due to the frequency sensitive envelope delay of the channel was measured 
and displayed as relative envelope delay in microseconds. The telephone line analyzers 
were capable of making simplex envelope delay measurements through the use of a 
receiver synchronization technique. The initial tone transmission was made at 1800 Hz, 
and after a synchronization time in which the receive analyzer oscillator circuitry was 
corrected, the test was initiated. The transmit frequency was varied, searching for a 
minimum envelope delay reading on the receive analyzer. The frequency at which the 
minimum was found was used as the reference frequency. At this point, the 
synchronization process was rep~!!ted at the new reference frequency. Once the r.::ceive 
analyzer display was stabilized, the correction factor was inserted into memory by 
depressing a button on the receive analyzer. The transmit frequency was then varied 
throughout the audio range, and the received frequency and the relative delay in 
microseconds were recorded at the mobile unit. These tests were performed in early 
morning hours to avoid interfering with the normal dispatching procedures carried out 
on the radio systems. The envelope delay characteristics of the VHF and UHF radio 
systems are presented in appendix B. The frequency responses of both systems were 
quite similar. Therefore, their individual influences on data quality were considered 
sufficiently alike to allow a valid comparison of the propagation characteristics of VHF 
and UHF. 

Since both amplitude and envelope delay distortion, when present to a significant 
degree, are detrimental to data quality, each modem was equipped with channel 
equalization. In the case of the DPSK modem, the equalization levels were strap 
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selectable to discrete levels. The level of equalization selected was the mlmmum 
provided by the modem, that is, the equalization level for C2 conditioned, dedicated 
lines. The effect of this line equalization will be discussed later. When the FSK modem 
was used, the minimum or dedicated line equalization was selected by adjustment of a 
potentiometer. 

3.5. Data Transmission Tests 

In order to perform the data tests, one of the modems was inserted between the 
telephone line analyzer and the radio. The interface from the modem to the radio was 
identical to the interface used between thl:l analzyers and the radios in the frequency 
response tests. The interface between the telephone line analyzer and the modem was 
made with a cable that met the requirements of [2]. 

To initiate a test transmission, the transmit and receive radio systems were 
selected at the base and at the mobile. Upon a voice request for data from the mobile, 
the transmit sequence was initiated. The transmit sequence consisted of depressing the 
push-to-talk switch on the proper microphone, muffling the microphone in a rubber pad, 
and initiating the transfer of baseband data from the telephone line analyzer to the 
modem by selecting a toggle switch. The baseband data was a 511-bit pseudo-random 
m-sequence generated pattern. 

When the data were transferred between the analyzers and the modem, the 
modem began to convert the baseband bit stream into a corresponding analog pattern, 
either DPSK or FSK, at the required bit rate_ In the case of the asynchronous FSK 
modem, the clocking signal was provided by the telephone line analyzer and provided 
continuously variable data rates from 300 to 1800 bits per second_ With the DPSK 
modem, the clocking signal was internally generated and provided two fixed selectable 
rates: 1200 and 2400 bits per second. When the data were received at the mobile and 
coupled into the receive modem, the analog modulation was decoded into baseband data 
and transferred into the receive telephone line analyzer. After a short synchronization 
time, the two counters on the analyzer were zeroed. After release of the zeroing 
controls, one of the counters indicated the number of bits received while the other 
recorded the number of bits in error. 

The two modulation techniq~es used, binary FSK and four phase DPSK, were 
selected because they corresponded to those readily available in standard modems. The 
DPSK modem had a standard data rate of 2400 bits per second with an optional 
selectable rate of 1200 bits per second; both rates were used. Three data rates were 
used for the FSK tests: 600, 1200, and 1800 bits per second. The choice of 600 and 1200 
bits per second for FSK data rates provided a direct correspondence with the 1200 and 
2400 bits per second rates of the DP3K modem. This correspondence exists because the 
baud rates of the two modems are identical at 600 baud and 1200 baud. The 1800 bit per 
second rate for FSK was chosen to try to evaluate the bandwidth limitations of the 
channel, as FSK at this rate occupies the greatest bandwidth of all the modulation 
techniques. The bit block length selected for each transmission was 3000 bits_ 

Three test routes were chosen for the error rate measurements. The downtown 
route was driven 5 times at each frequency, taking 10 data points each time, switching 
between VHF and UHF on alternate trips. This procedure was repeated for each 
modulation scheme and data rate. Due to the high vehicular traffic density, data were 
taken at most of the test points while the vehicle was stopped or traveling at 
approximately 15 miles per hour. A total of 500 test transmissions were made In the 
downtown area. Test data, including the number of errors in each 3000-bit transmission, 
are shown in appendix C. 

Both the north and south suburban routes were broken into three legs: one radially 
outward from the base site, one cross-country leg, and a return leg. The total length for 
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each route was approximately 25 miles, with reception locations at spacings of roughly 1 
per mile. Each of the routes was driven twice. The first time a radial outgoing route was 
tested, the VHF transmitter was used, switching to UHF on the cross-country route, and 
res electing VHF on the return leg. This sequence of data transmission was chosen to 
avoid continued use of a single channel over an extended period of time. The second 
time a suburban route was tested, the procedure was reversed. 

At each test point, the data were taken three times at three different vehicle 
speeds. These speeds, along with the location, date, and time of test, data rate, 
modulation scheme, transmitter frequency, and measured errors are also given in 
appendix C. In order to account for time of day variations, certain portions of the 
suburban routes were rechecked on different dates. A total of over 1300 test 
transmissions was made on the suburban routes. Tables 4 and 5 summarize the error 
rates for each modulation scheme/data rate combination used in the tests. 

TABLE 4. VHF data tests 

~ 
error FSK DPSK 
rate 

Route 600 bps 1200 bps 1800 aps 1200 bps 2400 bps 

Downtown 2.0XlO-5 4.7Xl0-5 6.7Xl0-5 5.3xlO-5 5.3XlO-5 

South Suburban 1.2XlO-4 8.3xlO-5 5.7XlO-5 1.0XlO-4 1.1xlO-4 

North Suburb!!n 1.5XlO-5 1.5xI0-4 1. 7xlO-4 6.8xlO-5 9.2xlO-5 

Both Suburban Rtes. 6.5xlO-5 1.2XlO-4 1.2XlO-4 8.5xlO-5 1.0XlO-4 

All Data Tests 5.3XlO-5 9.8XlO-5 1.0XlO-4 7.6XlO-5 8.7Xl0-5 

TABLE 5. UHF data tests 

~ 
error FSK DPSK 

rate 

Route 600 bps 1200 bps 1800 bps 1200 bps 2400 bps 

Downtown 6.7XI0-· 6.7XlO-· 2.7XlO-5 6.7XI0-· 1.3XlO-5 

South Suburban 8.3XlO-5 1.4XI0-4 1.8XlO-4 8.9XlO-5 1.8XlO-4 

North Suburban 3.2XlO-4 9.3XlO-4 1.3XlO-3 5.1XI0-4 1.3XlO-3 

Both Suburban Rtes. 2.0XlO-4 5.5XlO-4 7.7XI0-4 3.1XlO-4 7.5XlO-4 

All Data Tests 1.5><10-4 4.0><10-4 5.7><10-4 2.2><10-4 5.5><10-4 

4. MOBILJ: DIGITAL DATA TRANSMISSION 

4.1. General 

The major purpose of the t~sts was to determine empirically the error rates 
encountered with digital data transmission over a typical FM voice-grade mobile radio 
channel. Errors in data transmission are usually caused by two effects: bandwidth 
limitations which result in intersymbol interference, and low predetection signal-to-noise 
ratios cau;ed by low signal levels or high ambient noise, or both. In order to perform a 
valid comparison of propagation effects on data quality between two carrier frequencies, 
such as 39 MHz and 454 MHz, the bandwidth limitations an& their effect on errors must 
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be taken into account. The bandwidth characteristics of both the VHF and the UHF 
transmitters were measured prior to the data transmission tests. The results of these 
tests are presented in appendix B. 

The error rate performance is presented in figure 13 as a probability of bit error 
vs. an average predetection signal.to·noise ratio based on statistical considerations. The 
noise model used in these calculations assumed a Gaussian distribution. Because 
skepticism often exists on how well calculated results compare with the actual 
performance of a real system, empirical data were obtained to support these theoretical 
results. A direct comparison for various points along the test routes is included in this 
report. 

Other phenomena which affect data transmission over a radio channel are fading 
and impulse noise. Fading occurs when more than one signal from the same transmitter 
reaches the receiver and causes either a nulling or reinforcement of the direct.path 
signal. The secondary received signals are generally reflected into the vicinity of the 
receiver by nearby manmade structures. Fading phenomena are often characterized by a 
specific type of multiple signal reception termed Rayleigh fading. Rayleigh fading can be 
accounted for on an average basis by specifying that the values of the r.eceived signal 
follow a specific distribution based on certain assumptions. Generally, all calculated 
results presented are based on the assumption of slow and nonselective fading. Many 
times this first-order model is not applicable due to the fact that for every Rayleigh 
fading channel there are instants of time during which the signal fades to near the zero 
value. If the test vehicle were located at such a null (highly unlikely, since a voice 
request from the mobile has to be received at the hase tell initiate data transmission), all 
bits sent would have a high probability of being in erroL'. Tl1e more likely effect would 
be short bursts of errors occurring during the time when a moving test vehicle passes 
through these deep fades. 

Impulse noise is also of importance. This type of noise is usually generated by 
phenomena such as vehicle ignition and switching transients, and can result in very high 
probabilities of error. Most common instances of bit errors due to this phenomenon are 
due to high levels of impulse noise caused by buses or trains. 

Both fading signal and impulse noise phenomena occur to different degrees 
depending on the carrier frequency of operation. These factors, along with the speed of 
the test vehicle and the data rate, cause the observed variations in the measured bit 
error rates. 

Other matters considered in this report are variations due to changes in the time 
of day and the type of modulation scheme used. The time of day variations were 
relatively insignificant, but the effects of the modulation techniques are evident in the 
results. The relative transmission ranges of digital data and voice are also considered. 

4.2. Bandwidth Limitations 

In the analysis of most data channels, time dispersion effects of transmitted pulses 
can be attributed to the imperfect transfer characteristics or frequency response of the 
channel. In the case of the telephone line, for example, the transfer function is usually 
expressed in terms of attenuation and delay as a function of frequency. The envelope or 
group delay illustrates the i'elative arrival time of various frequency components of the 
transmitted. signal. Attenuation distortion OCcurs when the relative magnitude of the 
various frequency components of the original signal is varied. 

The frequency components of a binary FSK waveform are not limited to the two 
signaling frequencies but are spread throughout an infinite bandwidth due to the 
discrete nature of the signaling process. With this in mind, infinite-bandwidth channels 
might be considered necessary in order to receive a true replica of the transmitted 
waveform. However, it has been shown that the amount of bandwidth required is 

16 

. : 

----~~ ------

a:::: 
0 
a:::: 
a:::: 
w 
lI.. 
0 

>-
t:::: 
....J 
in « 
III 
0 
a:::: 
a. 

10-3 

BINARY SIGNAL FADING 

GAUSSIAN NOISE 

FSK 

10- 5 
L-----~ ______ ~ ______ L-____ ~~ ____ ~------~ 

-10 0 10 20 30 40 50 

MEAN SIGNAL TO NOISE POWER RATIO (dB) 

FIGURE 13. Probability of error vs. signal.to ·noise ratio for a Gaussian fading channel. 
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theoretically equal to the baud rate of the ~ransmitted wavefor~. These results aSSUme a 
perfect characteristic within this bandwldt~, e.g., no am~htude or envelope delay 
distortion. Practical bandwidths of x hertz will not necessanly support data rates of x 
baud due to intersymbol interference. 

'If the effects of bandwidth limitations can be eliminated, either by using low 
. ling rates transmitting over a reasonably good channel,. or equalizing a poor 
Blgna, b 'b d I . I 
channel, the bulk of the observed errors can e attn ute .to ow sIgna ·to·noise ratios 
and other related effects. This is believed to be the case WIth the results presented in 

this report. 
Th'e amplitude and envelope delay responses of both the VHF and UHF radio 

systems used for the data tests are shown in appendix B. On examination of these 
curves, it is evident that severe distortion of the transmitted waveforms should not occur 
at the modulation rates and audio carrier frequencies used by the modems. These 
curves were examined by the modem manufacturer, and the bandwidth limitations of 
the two channels were deemed no more severe than those encountered on C2 
conditioned telephone lines. The main reason for the consultation was to ascertslin the 
recommended equalizer settings for the FSK and the DPSK modems. The recommended 
settings were those that produced essentially no line equalization but did compensate for 
the distortion introduced by the modem circuitry itself. These settings resulted in a 
pattern of least intersymbol interference when the modems were operated back.to-back. 

The transfer characteristics of the two radio channels were not considered sr"vere 
enough to cause a significant amount of distortion, even at the higher data rates. 
However, it was found that bandwidth limitations did cause some of the errors recorded, 
and they did have a tendency to cause more errors at FSK than at DPSK at the same 
baud rates. This was due to the fact that FSK occupies more bandwidth due to the tone 
separation. The effects of slight differences in bandwidth limitations of the VHF and the 
UHF radio systems would not be recognizable, since the characteristics of the two 
systems are nearly identical, as shown in the graphs in appendix B. 

4.3. Power Limited Errors 

4.3.1. General 

Most of the errors other than those caused by finite bandwidths are attributable to 
low signal-to-noise ratios. Poor signal-to-noise ratios can be due to factors such as high 
path loss, high values of instantaneous noise, and deep fading. These, in combination 
with other factors such as the carrier frequency of operation, time of day variations, and 
the speed of the vehicle result in significant variations in decoding errors. The 
interdependence of signal and noise effects, along with possible intersymbol 
interference, is very difficult to isolate empirically. Generally, results are stated in terms 
of gross variations or trends in the number of errors. The discussion of the error rates 
measured during these tests is included in section 4.4. 

4.3.2. Overall Signal-to-Noise EHects 

The signal strength received at a mobile FM receiver depends on the attenuation 
the radiated signal experiences traveling between the transmitter and the mobile. For a 
given effective radiated power, this loss depends on many factors, such as the frequency 
of operation and the distance and terrain between the two antennas. Average expected 
signal strengths at the mobile receiver can be measured or calculated through the use of 
proven methods and experience. 

Based on average values of manmade noise and given the needed characteristics of 
the receiver, the expected detected noise level can be determined. When data 
transmission is under consideration, this noise power is usually defined by a Gaussian 
distribution of signal values. The behavior of digital data of a known modulation 

18 

. ' 
'"" 

~echnique, transmitted .d subsequently received at a constant signal strength 
corrupted by Gaussian noise, is calculable. Such calculations are often carried out in 
order to compare the performance of the various modulation techniques to a first-order 
approximation. 

The average received signal and ·noise power at a mobile receiver vary 
considerably when the VHF and UHF frequency bands are compared. Differences in the 
free space, flat-earth, and shadow losses encountered in radio transmission when using 
these two bands are the most significant contributors to these variations. These effects 
are so great that in practice high gain antennas along with higher power base stations 
are needed to provide UHF coverage comparable to lower frequency VHF coverage. 
Considerable variation in the level of manmade noise can also be expected, with the 
higher noise power levels at VHF. 

4.3.3. Fading and Impulse Noise 

The received rf signal strength and the level of manmade noise fluctuate 
considerably about their respective mean expected values. Multiple reflections from 
buildings and other vehicles produce an rf standing wave pattern throughout the 
coverage area. The values of the signal level in ~his pattern can be either higher or 
lower than the expected line-of-sight value due to signal reinforcement 'or cancellation. 
The depth and width of the resultant fade patterns show definite variations with radiated 
frequency due to the difference in wavelength of the signals and the reflection 
coefficients of the structures. If the mobile is positioned near the minimum of a deep 
fade, it is possible for the data quality to be extremely poor due to an extremely I.::;-w' 
peak value of signal-to-noise ratio. This effect was probably insignificant because the 
probability of stopping the vehicle in a very deep fade was low. The most prevalent 
fading errors occurred as a moving vehicle passed through these deep fades. 

Impulse noise is characterized by the fact that during certain periods of time the 
noise voltage makes significant deviations from the mean. Urban manmade noise is very 
impulsive and appears even more transient when a moving vehicle passes by a localized 
source of manmade noise. 

Both multipath fades and impulse noise can cause multiple bit errors or bursts of 
errors depending on their time duration and severity. These error bursts can vary in size 
not only because of changes in the fade depth and width but also because identical 
fades occupy more bit positions at higher data rates. At reasonable data rates, these 
effects are probably more significant {actors in the increase of errors at higher data 
rates than bandwidth limitations. The size of the burst errors caused by multipath 
propagation and impulse noise are influenced by the speed of the vehicle. The vehicle's 
speed affects the percentage of time a fade or noise burst occupies'the bit period. 

4.3.4. Time of Day Variations 

The multipath and manmade noise characteristics of channels vary with time of 
day. The reflective surfaces which create the standing wave patte.rn may m.ove or 
change reflection coefficient. Manmade noise phenomena vary conslderabl! ~lth the 
time due to the daily life cycles of the populace. Some othel' noted vanatIons are 
changes in intermodulation and co-channel interference. 

5. TEST RESULTS 

5.1. Measured Error Rates 

The data in appendix C have been compiled into tables 4 and 5. Table 4 contains 
the condensed results of the VHF tests, while table 5 presents the UHF data. 
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The UHF test results follow an expected pattern. The modulation techniques listed 
in the order of increasing number of errors are: 600 bps FSK, 1200 bps DPSK, 1200 bps 
FSK, 2400 bps DPSK, and 1800 bps FSK. The 600 bps FSK had the lowest error rate, 
as expected. The 1200 bps DPSK had a lower error rate than the 1200 bps FSK because 
the longer signaling intervals associated with 1200 bps DPSK (600 baud DPSK) allowed 
longer integration times through short fade and noise bursts than the 1200 baud FSK. 
This effect was more than enough to compensate for the fact that errors occurred in 
bursts of two bits with DPSK signaling. The fact that the 1200 bps DPSK occupied less 
bandwidth than the 1200 bps FSK also contributed to the difference in error rate. The 
signaling methods with equivalent baud rates, such as 600 bps FSK and 1200 bps 
DPSK, were comparable in performance but, in general, the 1200 bps DPSK had mor& 
errors due to the tendency for errors to occur in bursts of 2 because of the differential 
phase reference. Through similar arguments, the relative number of errors that occurred 
at each data rate can be explained. This ordering of data was the same for both 
suburban routes and the downtown route. 

In the case of the VHF tests, the preceding rationale is not exactly true. The 
pattern followed with respect to increasing error rate for the tests was: 600 bps FSK, 
1200 bps DPSK, 2400 bps DPSK, 1200 pbs FSK, and 1800 bps FSK. The relative 
positions of the 2400 bps DPSK and the 1200 bps FSK are interchanged with regard to 
the expected results. Such a result is possible in limited testing when a relatively small 
sample size is used and a very small difference in error rate is involved. This result, 
along with the fact that 600 bps FSK had the highest error rate in the south suburban 
tests, was probably due to external factors. When the 600 bps FSK south suburban tests 
and the 1200 bps FSK north suburban tests were being done, there was some evidence 
of co-channel interference from another mobile unit on the same frequency. This type of 
interference was very detrimental to data quality in weak signal areas. However, in high 
data signal strength situations, it did not hamper reception due ~o the FM capture 
effect. 

For all the data rates and modulation techniques, the downtown tests indicate 
better data quality at UHF. Since the base transmitter was relatively close to the 
downtown route, the bulk of the measured errors occurred in areas of high impulse 
noise in combination with a deep fade. This situation is more likely to occur in the VHF 
band due to the higher values of manmade noise. Most of the errors occurred in bursts 
of one to four bits, with the length of the bursts tending to increase with signaling rate. 
The errors recorded with DPSK generally occurred in bursts of at least two bits except 
in the cases when the error occurred on the last bit of the memory block. Some of the 
specific instances of error occurred when the test vehicle was close to a neon sign at 
point 7 on the downtown route and when a bus or trolley passed "nearby. However, 
errors caused by bus and trolley noise were not frequent. 

In most of the suburban tests, the measured error rates were lower at VHF. 
Although both systems were designed to cover the same area, the VHF system provided 
better signal strength at most of the test points due to the lower path and shadow los". 
However, at a few test points, the UHF performance was superior to VHF. The 
additional errors at VHF in these cases were caused by manmade noise. One particular 
instance occurred when a passing train caused a burst of errors at VHF while testing in 
Carnegie. 

When all the data are considered, VHF provided the lowest overall error rate at all 
data rates and modulation techniques. However, these tests were weighted by the fact 
that more daU, points were taken in suburban areas where the VHF coverage 'Yas 
significantly better. In any case, consideration of these results might lead to second 
thoughts about conversion to a UHF channel when the law enforcement agency is a 
County Police Department which spends little time patrolling urban areas. 
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In performing the tests, a qualitative estimate of the data vs. voice coverage was 
made. The results indicated that they were approximately the same, although in some 
instances data were received when no voice contact was possible. In these cases the 
received data were very highly prone to error. 

The variation in error rate performance due to d!anges in the data rates and 
modulation techniques tested were not significant on an overall basis. Of course, there 
were isolated instances where wide variations did occur. The information throughput of 
the channel was not reduced at either VHF or UHF as the data rate was increased to 
1800 and 24,00 bits per second. Therefore, the point of severe bandwidth limitation was 
not reached. Although the higher data rates achieved more information throughput, the 
amount of errors also increased at the same time. In such cases, error detection and 
retransmission or, even better, error correction would be needed in order to utilize the 
increased throughput. 

5.2. Comparison of TheoreticI.11 and Empirical Results 
" 

A path loss analysis was performed to calculate the values of signal-to-noise ratio 
at three selected points along the suburban routes. These values of signal-to-noise ratio 
wert: converted into probabilities of bit error for FSK signaling with Rayleigh fading in 
Gaussian noise using the graph in figure 13. These two sets of values are presented in 
table 6 along with the average measured error rates (averaged with respect to speed) for 
those points at the nominal data rate of 1200 bps FSK. The three selected test sites are 
coded in the following manner: 

S15 121 & Greentree 
S8 Curry & Brownsville 
N13 Greenbelt & Hubbard 

Table 6 al"o shows the "actual signal·to·noise ratio," converted from the measured 
error rate through the use of figure 13. This was done so that the theoretical and actual 
data could be compared as a difference in signal-to·noise ratio, shown in the last column 
of the table. The agreements between the actual and calculated values are within ±10 
dB. 

TABLE 6. Comparison of theoretical and measured results 

Calculated Calculated Actual Actual SIN .a1. 
Location Frequency SIN ratio error rate error rate SIN ratio SIN •• tual 

VHF 40 dB 1.0XlO-4 7.7XI0-4 31 dB 9 dB 
515 

UHF 37 dB 2.0xlO-4 1.1Xl0-3 30 dB 7 dB 

VHF 34 dB 4.0XlO-4 2.2XlO-4 36 dB -2 dB 
58 

UHF 31 dB 8.0xlO-4 3.3XIO" 35 dB -4 dB 

VHF 27 dB 2.0XlO-3 5.5XlO-4 33 dB -6 dB 
N13 

UHF 22 dB 5.0XlO-3 1.3XlO-3 29 dB -7 dB 
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6. CONCLUSIONS 

The following is a summary of the results determined from the evaluation of the 
test data: 

o At all data rates tested (i.e., from 600 to 2400 bps) the bulk of the bit errors were 
caused by power-limited effects rather than by bandwidth limitations. 

o Most of the downtown route bit errors were attributed to manmade noise effects 
which resulted in more errors with the VHF carrier frequency. The burst errors tended 
to occur in groups of one to four bits. 

o In general, the VHF carrier frequency provided superior data transmission 
performance on the suburban routes except in the rare cases when seY~re manmade 
noise was present. 

o At UHF, the number of detected errors increased with increasing sigr.OiUnf!' rate. 
This was primarily due to the fact that the longer signaling intervals associated with the 
lower data rates allow for longer integration times through fades and noise bursts. The 
fact that the higher data rate signals occupy more bandwidth made a secondary 
contribution to the ordering of the various data rates with respect to increasing errors. 

o In the case of VHF, the pattern of increasing error rate with increasing data rate 
was not exactly reproduced. This was probably due to the fact that co-channel 
interference was prepent at certain periods of time during the VHF tests. Co-channel 
interference was found to be very detrimental to the data quality when the mobile unit 
was in weak signal areas. However, in high data signal strength situations, it did not 
hamper reception due to FM capture. 

o In general, the number of errors recorded at a particular test point decreased 
with increasing vehicle speed in the 10 to 40 mph range of the tests. 

o The burst length of the errors was generally less than 7 bits and never more than 
10 bits. 

o Variation in co-channel interference was the most significant "time-of-day 
variation. " 

o High quality data reception was generally coincident with high quality voice 
reception. 

o Even at the highest bandwi~th occupancy (i.e., 1800 bps FSK), the bulk of the 
errors was not attributable to bandwidth limitation but to the fact that the fades or 
impulse noise spikes occupied more bit positions at the hi8her data rates. 

o Although the higher data rates allowed more total information throughput, the 
number of errors increased to such an extent that error detection and retransmission or 
error correction, would be required in order to utilize the increased throughput at 'the 
higher rates. 

o The variations in measured error rate with changes in data rate and modulation 
technique were not considered significant enough to warrant avoidi~g the use of high 
data. rates for FM radio data communication. Even though the 1800 bps FSK occupied 
?onslderable bandwidth, the limitations of the channel were not reached. The 
mformation throughput was still increasing at the higher data rates. At 600 bps FSK, 89 
percent of the messages were received without error, while at 1800 bps FSK, 81 percent 
were received error free. Therefore, the throughput was 2.7 times higher at 1800 bps. 

o The theoretical and empirical signal-to-noise ratios agreed within ±10 dB. 
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Frequency Response Measurements 
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FIGURE B1. Relative attenuation vs. audio frequency-VHF. 
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FIGURE B2. Relative attenuation vs. audio frequency-UHF. 
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FIGURE B3. Relative envelope delay vs. audio frequency- VHF. 
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FIGURE B4. Relative envelope delay vs. audio frequency-UHF. 
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APPENDIX C 

Test Results 

DOWNTOWN AREA 

DATA RATE: 600 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-12/27 FREQ: UHF 

Location Speed (mph) Errors 
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8 
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DATA RATE: 600 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-l/3 FREQ:UHF 

Location Speed (mph) Errors 
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o 
15 
15 
15 
15 
15 
15 
15 
15 
15 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

FREQ: VHF-low band 

o 0 
2 
3 
4 
5 
6 
7 
8 
9 

15 0 

10 

15 
20 
20 
o 

15 
15 
15 
15 

o 
o 
o 
o 
o 
1 
o 
o 

Time: 8:00 to 12:00 a.m.-1/3 FREQ: UHF 
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DOWNTOWN AREA 

DATA RATE: 600 bp8 MOD: FSK 

Time: 1:00 to 5:00 p.m.-l!a FREQ: UHF 

Location Speed (mph) Errors 

1 
2 
a 
4 
5 
6 
7 
S 
9 

10 

Time: 1:00 to 5:00 p.m.-l/a 
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DATA RATE: 1200 bp8 MOD: FSK 

Time: 1:00 to 5:00 p.m.-l/S FREQ: UHF 

Location Speed (mph) Errors 
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IJ.\T.\ HATE: 1200 bps MOD: FSK 

Time: 6:00 to 12:00 p.m.-l/S FREQ: UHF 

Location Speed (mph) Errors 
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DATA RATE: 1200 bp8 MOD: FSK 

Time: 6:00 to 12:00 p.m.-l/a FREQ: UHF 

Location Speed (mph) Errors 
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DOWNTOWN AREA 

DATA RATE: 1200 bps MOD: DPSK 

Time: 6:00 to 12:00 p.m.-l/23 FREQ: UHF 

Location Speed (mph) Errors 
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DATA RATE: 1200 bps MOD: DPSK 

Time: 6:00 to 12:00 p.m.-l/23 FREQ: UHF 

Location Speed (mph) Errors 
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DATA RATE: 1200 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-l/24 FREQ:UHF 

Location Speed (mph) Errors 
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• DATA RATE: 1800 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-l/16 FREQ:UHF 

Location Speed (mph) Errors 

1 
2 
3 
4 
5 
6 
7 
8 
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Time: 8:00 to 12:00 a.m.-l/16 
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2 10 
3 16 
4 
5 
6 
7 
8 
9 

10 

Time: 8:00 to 12:00 a.m,-1/16 
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DOWNTOWN AREA 

DATA RATE: 1800 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-1/16 FREQ: UHF 

Location Speed (mph) 

2 
3 
4 
5 
6 
7 
8 
9 

10 

o 
12 
15 
20 
25 
16 
o 
o 

15 
15 

Errors 

o 
o 
o 
o 
o 
2 
o 
o 
o 
o 

Time: 1:00 to 5:00 p.m.-l/16 

1 

FREQ: VHF-low band 

2 
3 
4 
5 
6 
7 
8 
9 

10 

Time: 1:00 to 5:00 p.m.-l/16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

o 0 
15 0 
15 0 
15 0 
20 0 
12 0 
5 0 

15 0 
20 0 
15 0 

FREQ:UHF 

o 0 
20 0 
15 1 
10 0 
15 0 
15 0 
10 0 
18 0 
15 o 

W U 0 

Time: 1:00 to 5:00 p.m.-l/16 FREQ: VHF-low band 

o 0 
2 15 0 
3 0 0 
4 20 0 
5 15 0 
6 15 0 
7 15 0 
8 15 3 
9 20 0 

10 15 0 
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DATA RATE: 1800 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-l/16 FREQ: UHF 

Location Speed (mph) Errors 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Time: 1:00 to 5:00 p.m.-l/16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

o 
15 
15 
15 
20 
10 
o 

15 
15 
15 
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o 
o 
o 
o 
o 
o 
o 
o 
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FREQ: VHF-low band 

o 0 
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15 0 
15 0 
20 0 
o 0 

15 0 
15 0 
15 0 
15 0 

DOWNTOWN AREA 
DATA RATE: 2400 bps 

MOD: DPSK 

Time: 8:00 to 12:00 a.m.-l/28 FREQ:UHF 
Locatio'n Speed (mph) Errors 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

o 
15 
15 
15 
15 
15 
10 
5 

15 
15 

Time: 8:00 to 12:00 a.m.-l/28 

1 0 
2 10 
3 20 
4 15 
5 18 
6 20 
7 10 
8 15 
9 15 

10 15 

Time: 8:00 to 12:00 a.m.-l/28 

1 
2 
3 
4 
5 
6 
7 
8 
9 
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15 
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W 
15 
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o 
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FREQ: VHF-low band 
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6 
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9 
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FREQ: VHF-low band 
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o 
o 
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o 

W 
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DATA RATE: 2400 bps MOD: DPSK 

Time: 8:00 to 12:00 a.m.-l/28 FREQ: UHF 

Location Speed (mph) Errors 
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5 
6 
7 
8 
9 
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15 
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Time: 8:00 to 12:00 a.m.-l/28 
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FREQ: VHF-low band 

o 

3 15 
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5 15 
6 15 
7 15 
8 0 
9 15 

10 15 

Time: 1:00 to 5:00 p.m.-l/28 

o 
2 15 
3 15 
4 15 
5 15 
6 20 
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8 15 
9 5 
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o 
o 
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o 
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10 15 0 

Time: 1:00 to 5:00 p.m.-l/28 FREQ: VHF-low band 
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DOWNTOWN AREA 

DATA RATE: 2400 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-l/28 PREQ: UHF 

Location Speed (mph) Errors 

o 0 
2 IS 0 
3 20 0 
4 25 0 
5 25 0 
6 20 0 
7 12 0 
8 20 0 
9 10 0 

10 IS 0 

Time: 1:00 to 5:00 p.m.-l/28 FREQ: VHF-low band 

I 0 0 
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3 20 0 
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9 
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/1 
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SOUTH SUBURBAN ROUTE 
DATA RATE: 600 bps 

MOD: FSK 

Time: 1:00 to 5:00 p.m.-12/27 FREQ: UHF 

Location Speed (mph) 
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FREQ: VHF-low band 

2 

3 

4 

5 

6 

7 

! 

o 0 
20 
35 
o 

IS 
30 
o 

20 
35 
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DATA RATE: 1200 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-l/9 FREQ: UHF 

Location Speed (mph) 
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SOUTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: DPSK 

Time: 8:00 to 12:00 a.m.-l/23 FREQ: UHF 

Location Speed (mph) Errors 
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DATA RATE: 1800 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-l/12 FREQ: UHF 

Location Speed (mph) Errors 
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40 
o 

20 
40 
o 

20 
35 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

SOUTH SUBURBAN ROUTE 

DATA RATE: 2400 bps MOD: DPSK 

Time: 8:00 to 12:00 a.m.-2/1 FREQ:UHF 

Location 

2 

3 

4 

5 

6 

7 

Speed (mph) 

o 
20 
35 
o 

20 
35 
o 

20 
35 
o 

20 
35 
o 

20 
30 
o 

20 
30 
o 

Errors 

o 
o 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 

4 
o 
o 
o 
o 

Time: 8:00 to 12:00 a.m.-2/2 FREQ: VHF-low band 

2 

3 

4 

5 

6 

7 

39 

o 0 
15 0 
30 
o 

20 
35 
o 

20 
30 
o 
5 

35 
o 

20 
40 
o 

20 
25 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
o 
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SOUTH SUBURBAN ROUTE 

DATA RATE: 600 bpa MOD: FSK 

Time: 1:00 to 5:00 p.m.-1/2 FREQ: UHF 

Location Speed (mph) Errors 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
20 
30 
o 

10 
30 
o 

20 
30 
o 

20 
30 
o 

30 
40 
o 

15 
30 
o 

20 
32 
o 

20 
35 
o 

20 
30 
o 

20 
45 

o 
3 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
6 
3 
o 
o 
o 
o 
o 
o 

40 

DATA RATE: 600 bpa MOD: FSK 

Time: 8:00 to 12:00 a.m.-12/28 FREQ: VHF-low band 

Location Speed (mph) Errors 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
20 
40 
o 

15 
30 
o 

20 
30 
o 

20 
40 
o 

20 
30 
o 

25 
30 
o 

25 
40 
o 

20 
30 
o 

20 
30 
o 

20 
50 

o 
5 
2 
o 
o 
1 
o 
o 
2 
o 
3 
o 
o 
o 
o 
o 
o 

o 
1 
o 
o 
4 
3 
o 
o 
o 
o 
o 
o 

SOUTH SUBURBAN ROUTE 
DATA RATE: 1200 bps MOD: FSK 

Time: 6:00 to 12:00 p.m.-l/10 FREQ: UHF 

Location Speed (mph) Errors 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
20 
35 
o 

20 
30 
o 

25 
35 
o 

10 
25 
o 

30 
40 
o 

25 
30 
o 

15 
25 
o 

20 
30 
o 

15 
30 
o 
5 

20 

o 
2 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
2 
o 
1 
7 
2 
o 
o 
o 
o 
o 
o 
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DATA RATE: 1200 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-2/9 FREQ: VHF-low band 

Location Speed (mph) Errors 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
10 
25 
o 

10 
25 
o 

30 
40 
o 

20 
30 
o 

10 
25 
o 

20 
40 
o 

15 
30 
o 

15 
25 
o 

20 
40 
o 

20 
35 

o 
2 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
1 
o 
o 
o 
1 
o 
4 
3 
o 
o 
o 
o 
2 
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SOUTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: DPSK 

Time: 8:00 to 12:00 a.m.-l/25 FREQ: UHF 

Location Speed (mph) Errors 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
10 
40 
o 

15 
25 
o 

20 
30 
o 

12 
30 
o 

20 
35 
o 
5 

25 
o 

10 
35 
o 

15 
25 
o 

10 
35 
o 

20 
30 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
2 
o 
4 
3 
o 
o 
o 
o 
o 
o 

DATA RATE: 1200 bps MOD: DPSK 

"lime: 1:00 to 5:00 p.m.-l/23 FREQ: VHF-low band 

Location Speed (mph) Errors 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
15 
35 
o 

10 
25 
o 

15 
25 
o 

10 
15 
o 

15 
25 
o 

10 
30 
o 

20 
25 
o 

10 
25 
o 

20 
30 
o 

10 
25 

o 
4 
3 
o 
o 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 

o 
o 
2 
2 
o 
o 
o 
o 
o 
2 

SOUTH SUBURBAN ROUTE 

DATA RATE: 1800 bps MOD: FSK DATA RATE: 1800 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-l/14 FREQ:UHF 

Location 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

I 
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Speed (mph) 

o 
15 
30 
o 

15 
30 
o 

30 
40 
o 

20 
30 
o 

15 
25 
o 

15 
30 
o 

25 
35 
o 

20 
35 
o 

15 
30 
o 

15 
25 

Errors 

o 
3 
1 
o 
o 
1 
o 
o 
1 
o 
o 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
1 
6 
o 
o 
o 
o 
o 
o 

Time: 8:00 to 12:00 a.m.-l/12 FREQ: VHF-low band 

Location Speed (mph) Errors 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

o 
15 
30 
o 

20 
30 
o 

30 
40 
o 

25 
40 
o 

15 
30 
o 

15 
35 
o 

15 
30 
o 

20 
35 
o 

15 
30 
o 

20 
40 

o 
o 
o 
o 
o 
2 
o 
o 
o 
o 
o 
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o 
o 
o 
o 
o 
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o 
o 
o 
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SOUTH SUBURBAN ROUTE 

DATA RATE: 2400 bps MOD: DPSK DATA RATE: 2400 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-2/2 FREQ:UHF 

Location 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Speed (mph) 

o 
25 
40 
o 

20 
35 
o 

15 
35 
o 

23 
45 
o 

15 
35 
o 

25 
30 
o 

25 
35 
o 

15 
40 
o 

15 
35 
o 

35 
50 

Errors 

o 
o 
4 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8 
o 
o 

o 
o 
5 
o 
o 
4 
o 
o 
o 
o 
o 
2 

Time: 8:00 to 12:00 a.m.-2/1 FREQ: VHF-low band 

Location 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Speed (mph) 

o 
20 
35 
o 

15 
35 
o 

15 
35 
o 

15 
30 
o 

20 
30 
o 

25 
40 
o 

20 
30 
o 

15 
40 
o 

15 
30 
o 

20 
45 

Errors 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
2 
o 
5 
o 
o 
o 
2 

SOUTH SUBURBAN ROUTE 

DATA RATE: 600 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-12/28 FREQ: UHF 

Location Speed (mph) Errors 

18 

19 

20 

21 

22 

o 
20 
40 
o 

35 
50 
o 

30 
50 
o 

30 
45 
o 

15 
25 

o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Time: 6:00 to 12:00 p.m.-1/2 FREQ: VHF-low band 

WOO 

19 

20 

21 

22 

25 
45 
o 

20 
45 
o 

30 
45 
o 

20 
40 
o 

20 
30 

o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DATA RATE: 1200 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-1/10 FREQ:UHF 

Location Speed (mph) Errors 

18 

19 

20 

21 

22 

o 
25 
40 
o 

20 
40 
o 

20 
40 
o 

30 
45 
o 

o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 

20 0 
35 0 

Time: 6:00 to 12:00 p.m.-l/10 FREQ: VHF-low band 

18 

19 

20 

21 

22 

o 
20 
35 
o 

15 
35 
o 

25 
45 
o 

30 
45 
o 

15 
35 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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SOUTH SUBURBAN ROUTIi, SOUTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: DPSK 

Time: 8:00 to 12:00 a.m.-1/24 FREQ:UHF 

Location Speed (mph) Errors 

18 0 0 
15 0 
40 0 

19 0 0 
20 0 
30 0 

20 0 0 
20 2 
25 0 

21 0 0 
15 0 
25 0 

22 0 0 
20 0 
30 0 

Time: 1:00 to 5:00 p.m.-1/25 FREQ: VHF-low band 

18 0 0 
20 0 
30 0 

19 0 0 
15 0 
35 0 

20 0 0 
20 0 
45 0 

21 0 0 
15 0 
40 0 

22 0 0 
10 0 
25 0 
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DATA RATE: 1800 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-1/12 FREQ: UHF 

Location Speed (mph) 

18 

19 

20 

21 

22 

o 
20 
50 
o 

15 
40 
o 

20 
40 
o 

30 
45 
o 

25 
40 

Errors 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

Time: 1:00 to 5:00 p.m.-1/14 FREQ: VHF-low band 

18 0 0 
25 0 
50 0 

19 0 0 
20 0 
45 0 

20 0 0 
25 0 
45 0 

21 0 0 
35 0 
45 0 

22 0 0 
15 0 
30 0 
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DATA RATE: 2400 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-2/1 FREQ:UHF 

Location Speed (mph) Errors 

18 0 0 
20 0 
50 0 

19 0 0 
40 0 
45 0 

20 0 0 
25 2 
40 0 

21 0 0 
25 0 
40 0 

22 0 0 
30 0 
40 0 

Time: 1:00 to 5:00 p.m.-2/2 FREQ: VHF-low band 

18 0 0 
20 0 
45 0 

19 0 0 
30 0 
45 0 

20 0 0 
25 0 
50 0 

21 0 0 
25 0 
30 0 

22 0 0 
20 0 
30 0 
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NORTH SUBURBAN ROUTE 

DATA RATE: 600 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-I/4" FREQ: UHF 

Location Speed (mph) Errors 

1 

2 

3 

4 

5 

6 

Time: 1:00 to 5:00 p.m.-1/3 

1 

2 

3 

4 

5 

6 

. , . 

o 
20 
30 
o 

15 
25 
o 

20 
~o 

o 
10 
25 
o 

15 
30 
o 

10 
20 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

FREQ: VHF-low band 

o 
15 
30 
o 

20 
40 
o 
5 

15 
o 

15 
35 
o 

20 
25 
o 

15 

" .-
. 

. " 

DATA RATE: 1200 bps MOD: FSK 

Time: 8:00 to 12:00 a.m.-I/7 FREQ:UHF 

Location Speed (mph) Errors 

1 

2 

3 

4 

5 

6 

o 
25 
40 
o 

25 
40 
o 

15 
32 
o 

15 
35 
o 
5 

35 
o 

15 
30 

Time: 8:00 10 12:00 a.m.-l/ll 

1 

2 

3 

4 

5 

6 

o 
20 
35 
o 

20 
40 
o 

15 
35 
o 

25 
35 
o 

15 
30 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 

FREQ: VHF-low band 

o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

NORTH SUBURBAN ROUTE 

DATA RATE: 1200 bpB MOD: DPSK 

Time: 8:00 to 12:00 a.m.-1/22 FREQ:UHF 

Location Speed (mph) Errors 

1 

2 

3 

4 

5 

6 

Time: 8:00 to 12:00 a.m.-1/21 

1 

2 

3 

4 

. 5 

6 

/ 

/ 

o 
25 
40 
o 

15 
25 
o 

15 
40 
o 

15 
30 
o 

20 
40 
o 

20 
40 

o 
15 
20 
o 

10 
25 
o 

20 
25 
o 

15 
40 
o 

15 
40 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

FREQ: VHF-low band 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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DATA RATE: 1800 bpB MOD: FSK 

Time: 8:00 to 12:00 a.m.-IllS FREQ:UHF 

Location Speed (mph) Errors 

1 

2 

3 

4 

5 

6 

o 
25 
30 
o 

15 
40 
o 

10 
35 
o 

20 
30 
o 
5 

15 
o 

20 
35 

Time: 8:00 to 12:00 a.m.-1/18 

1 

2 

3 

4 

5 

6 

o 
5 

40 
o 

15 
25 
o 

25 
35 
o 

30 
40 
o 

15 
30 
o 

10 
35 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 

FREQ: VHF-low band 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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NORTH SUBURBAN ROUTE 

DATA RATE: 2400 bps MOD: DPSK 

Time: 8:00 to 12:00 a.m.-1/30 FREQ: UHF 

Location Speed (mph) Errors 

1 

2 

3 

4 

5 

6 

o 
15 
30 
o 

20 
40 
o 

20 
45 
o 

15 
35 
o 

20 
40 
o 

15 
30 

Time: 8:00 to 12:00 a.m.-1/31 

1 0 
20 
30 

2 0 
20 
40 

3 0 
20 
35 

4 0 
15 
30 

5 0 

6 

25 
45 
o 

20 
35 

50 

o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

FREQ: VHF-low band 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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NORTH SUBURBAN ROUTE 

DATA RATE: 600 bps MOD: FSK 

Time: 6:00 to 12:00 p.m.-1/3 FREQ: UHF 

Location Speed (mph) Errors 

7 

8 

9 

10 

11 

12 

13 

14 

Time: 8:00 to 12:00 a.m.-1/4 

7 

8 

9 

10 

11 

12 

13 

14 

o 
15 
30 
o 

25 
35 
o 

20 
35 
o 

20 
35 
o 

20 
35 
o 

20 
35 
o 

20 
35 
o 

15 
35 

o 
o 
o 
o 
2 
1 
o 
3 
2 
o 
6 
4 
o 
6 
4 
o 
2 
o 
o 
o 
o 
o 

14 
6 

FREQ: VHF-low band 

o 0 
20 
30 
o 

20 
40 
o 

20 
35 
o 

25 
35 
o 

15 
30 
o 

20 
35 
o 

15 
30 
o 

20 
35 
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DATA RATE: 1200 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-1/ll FREQ: UHF 

Location Speed (mph) 

7 

8 

9 

10 

11 

12 

13 

14 

o 
20 
35 
o 

20 
35 
o 

20 
30 
o 

30 
40 
o 

20 
30 
o 

10 
30 
o 

20 
40 
o 

15 
30 

Errors 

o 
o 
4 
o 
4 
3 
2 
5 
4 
2 
9 
6 
4 
o 
o 
o 
1 
o 
o 
9 
3 
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NORTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: FSK 

Time: 1:00 to 5:00 p,m,-l/7 FREQ: VHF-low band 

Location Speed (mph) Errors 

7 

a 

9 

10 

11 

12 

13 

14 

o 
20 
30 
o 

20 
35 
o 

15 
30 
o 

25 
35 
o 

25 
35 
o 

20 
40 
o 

30 
40 
o 

15 
30 
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DATA RATE: 1200 bps MOD: DPSK 

Time: 1:00 to 5:00 p,m,-1/21 FREQ: UHF 

Location Speed (mph) Errors 

7 

a 

9 

10 

11 

12 

13 

14 

o 
20 
35 
o 

15 
25 
o 

25 
40 
o 

30 
40 
o 

15 
30 
o 

15 
35 
o 

15 
35 
o 

15 
30 

o 
4 
3 
o 
3 
2 
o 
3 
4 
o 
7 
5 
2 
o 
o 
o 
2 
o 
o 
2 
o 
4 

12 
21 

NORTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-1/22 FREQ: VHF-low band 

Location Speed (mph) Errors 

7 

a 

9 

10 

11 

12 

13 

14 

o 
15 
30 
o 

20 
30 
o 

10 
25 
o 

15 
35 
o 

20 
30 
o 
5 

25 
o 

20 
35 
o 

15 
30 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3 
o 
o 
o 
o 
o 
2 
2 
o 
2 
o 
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DATA RATE: 1800 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-l/1a FREQ: UHF 

Location Speed (mph) Errors 

7 

a 

9 

10 

11 

12 

13 

14 

o 
20 
35 
o 

25 
35 
o 

25 
35 
o 

15 
35 
o 

20 
30 
o 

20 
35 
o 

20 
30 
o 

15 
30 

o 
17 
14 
o 
5 
4 
1 
6 
4 
4 

26 
14 
o 
5 
4 
2 
5 
o 
o 
4 
2 

25 
42 
27 

Time: 1:00 to 5:00 p.m.-IllS FREQ: VHF-low band 

7 0 .0 

a 

9. 

10 

11 

12 

13 

14 

25 0 
35 
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NORTH SUBURBAN ROUTE 

DATA RATE: 2400 bp8 MOD: DPSK 

Time: 1:00 to 5:00 p.m.-1/31 FREQ: UHF 

Location Speed (mph) Errors 
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Tim,,: 1 ,(Ii) to 5:00 p.m.-1/30 FREQ: VHF-low band 
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NORTH SUBURBAN ROUTE 
DATA RATE: 600 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-1/4 FREQ: UHF 

Location Speed (mph) Errors 
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Time: 6:00 to 12:00 p.m.-1/3 FREQ: VHF-low band 
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DATA RATE: 1200 bp8 MOD: FSK 

Time: 8:00 to 12:00 a.m.-1/8 FREQ: UHF 

Location Speed (mph) Errors 
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NORTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-1/21 FREQ: VHF-low band 

Location Speed (mph) Errors 
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DATA RATE: 1200 bps MOD: DPSK 

Time: 1:00 to 5:00 p.m.-1/22 FREQ: UHF 

Location Speed (mph) Errors 
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NORTH SUBURBAN ROUTE 

DATA RATE: 1200 bps MOD: FSK 

Time: 1:00 to 5:00 p.m.-1/ll FREQ: VHF-low band 

Location Speed (mph) Errors 
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DATA RATE: 1800 bps MOD: FSK 

Time: 6:00 to 12:00 p.m.-IllS FREQ: UHF 

Location Speed (mph) Errors 
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Time: 1:00 to 5:00 p.m.-I/ll FREQ: VHF-low band 
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NORTH SUBURBAN ROUTE TIME Of DAY DATA 

DATA RATE: 2400 bps MOD: DPSK DATA RATE: 1200 bplJ MOD: FSK 

Time: 6:00 to 12:00 p.m.-1/30 FREQ:UHF DOWNTOWN AREA 

Location Speed (mph) Errors Time of day variations are included in the original data. 

SOUTH SUBURBAN 

15 20 42 Time: 6:00 to 12:00 p.m.-1/16 FREQ: UHF 

Location Speed (mph) Errors 

16 0 58 
40 38 6 0 0 

6 20 3 

17 0 0 6 35 3 

20 5 7 0 0 

40 12 Time: 8:00 to 12:00 a.m.-1/18 FREQ:UHF 
18 0 0 

15 0 
40 0 

19 0 0 

8 0 0 
8 20 1 
8 35 1 

35 0 Time: 6:00 to 12:00 p.m.-l/16 FREQ: VHF low band 

40 0 6 0 0 
20 0 0 6 25 0 

20 2 6 35 0 
40 0 7 0 0 

21 0 0 8 0 0 
20 0 8 15 1 
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NORTH SUBURBAN 

23 0 0 Time: 8:00 to 12:00 a.m.-I/I8 FREQ: UHF 
20 0 
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Location Speed (mph) Errors 

Time: 6:00 to 12:00 p.m.-I/31 FREQ: VHF-low band 7 0 0 
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40 0 Time: 8:00 to 12:00 a.m.-I/18/74 FREQ: VHF low band 
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ANNOUNCEMENT OF NEW PUBLICATIONS ON 
NATIONAL CRIME AND RELATED SUBJECTS 

Superintendent of Documents, 
Government Printing Office, 
Washington, D.C. 20402 

Dear Sir: 

Please add my name to the announcement list of new publications to be issued 
on the above subjects (including this NBS series): 

Name ________________________________________________ ___ 

Company ______________________________________________ __ 

Address ________________________________________________ _ 

City _____________________ State ___________ Zip Code --------

(Notification key N-351) 
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